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Exercise 1 Consider the population regression line y = β0 + β1x + ε and the sample regression line
ŷ = b0 + b1x+ e. Note that for the sample regression line, e = y − ŷ. Explain the difference between b1
and β1; between the residual e and the population regression error ε.

Exercise 2 Consider the population regression line y = β0 +β1x+ ε. The figure below shows data from
a sample of 250 observations of x and y. One of the lines is the sample regression line, b0 + b1x; the
other is the population regression line β0 + β1x. Is the sample regression line solid or dashed? Explain.
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Exercise 3 Suppose a fire insurance company wants to relate the amount of fire damage in major res-
idential fires to the distance between the burning house and the nearest fire station. The company
collected data from a sample of 15 recent fires in a large suburb of a major city. For each fire, the data
records the amount of damage (in thousands of kroner), as well as the distance between the fire and the
nearest fire station (in kilometers). The lowest distance recorded in the data is 1.8 kilometers, while the
highest distance is 6.1 kilometers.

The table below shows the results for the regression of the amount of damage on distance. Assume
that all SRM assumptions are satisfied.

Regression Statistics

r2 0.923
se 23.16
n 15.000

Coefficients Standard Error

Intercept 102.78 14.20
Distance 49.19 3.93

(a) Interpret the intercept and slope of the above regression.

(b) Construct a 95% confidence interval for the slope β1. Interpret this interval.

(c) Use a t-statistic to test the null hypothesis that every 1 kilometer increase in distance between the
fire and the fire station is associated with an increase in damages of kr 60,000.

(d) Calculate the p-value for the same hypothesis test given in part (c). Do you reject the null at the
5% level?

(e) Suppose instead that we have the following null and alternative hypotheses: H0 : β1 = 0, and
Ha : β1 6= 0. Carry out this test at the 1% significance level using a confidence interval, t-stat, and
p-value. Verify that all three methods yield the same conclusion.

(f) Suppose that the insurance company wants to predict the fire damage if a major residential fire
were to occur 3.5 kilometers from the nearest fire station. Construct a 95% prediction interval, and
interpret it in words.

(g) Suppose instead that the company wants to predict fire damage for homes 8 kilometers away from
the fire station. Will the prediction interval be reliable? Explain why or why not.
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Exercise 4 Mark each statement as true or false and explain why.

(a) To estimate the effect of advertising on sale using a regression, you should look for periods with
steady levels of advertising rather than periods in which advertising varies.

(b) Doubling the sample size used to fit a regression can be expected to reduce the standard error of the
slope by about 30%

(c) The assumption of a normal distribution of the errors in a regression model is important for the
confidence interval of the slope.

(d) If the SRM is used to model data that do not have constant variance, then 95% prediction intervals
produced by this model are longer than needed.

(e) The presence of an outlier in the data used to fit a regression causes the estimated model to have a
lower r2 than it should.

Exercise 5 (Baker Hansen) You are in charge of deciding the location of a new Baker Hansen store.
You are considering a variety of different possible locations with different foot traffic levels. You have
(fictional) data for 80 Baker Hansen locations. For each location, you have the following two variables
from last month: (1) sales, total sales in thousands of kroner; (2) foot traffic: number of people
walking by the store in thousands. Assume that all locations charge the same price and are located in
similar neighborhoods.
You regress sales on foot traffic and you obtain the regression results and figures below.
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(a) Interpret b0 and b1.

(b) Do the five SRM conditions hold?

(c) Consider the following situations. Explain whether they violate the SRM of sales and foot traffic. If
so, which SRM condition is violated?

(i) Baker Hansen shops located in busier areas (more foot traffic) also have better customer service.

(ii) The variation in sales is lower in Baker Hansen shops located in busier areas.

(iii) The effect of a 1,000 increase in foot traffic on sales is larger in busier areas.

(d) Use a t-statistic to determine if the slope is statistically significantly different from zero at the 5%
level.

(e) What is the p-value of the hypothesis test in part (d)?

(f) What is the 95% CI for β1?

(g) What is the 80% CI for β0?

(h) What is the 95% prediction interval for the monthly sales of a location with foot traffic level of
50,000?
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Exercise 6 (Stata) The Capital Asset Pricing Model

The Capital Asset Pricing Model (CAPM) describes the relationship between returns on a speculative
asset (typically returns on stock) and returns on the whole stock market. The underlying theory describes
the risk of owning an asset, where risk refers to variation in returns over time. Part of the risk of owning
an asset is associated with overall movements in the market as a whole and so is called market risk. The
remaining idiosyncratic risk is unique to the asset. The underlying theory promises that markets will
pay investors for taking market risk, but not for assuming idiosyncratic risk, which it treats as a gamble.

According to the CAPM, a simple regression model describes the returns Rt on a stock over some time
period as

Rt = α+ βMt + εt

where Mt is the return on the market and εt denotes the effects of other factors on the stock return.
The intercept is called the alpha of the stock and the slope is called the beta of the stock. If β = 0,
then movements in the market don’t influence the value of the stock. If β = 1, then the stock tends to
move up and down with changes in the market. Stocks withe β > 1, sometimes called growth stocks,
amplify movements in the market whereas those with β < 1 attenuate swings in the market. The claim
of CAPM that investors are not compensated for taking idiosyncratic risks implies that α = 0.

Note that in this exercise, parts (a)-(d) are conceptual questions, and parts (e)-(h) will require Stata.
The data for this exercise is capm.xlsx.

Motivation

(a) Hedge funds often claim that they are able to pick investments for which α > 0. What are they
claiming about these investments?

(b) Investors often seek stocks that diversify their risk into uncorrelated investments. Should such
investors seek stocks with large β or β ≈ 0?

Method

(c) A stock advisor claims that Berkshire Hathaway, the investment company run by Warren Buffett,
generates “positive alpha.” How can we test this claim using a regression model?

(d) How can we use a confidence interval to test the claim that beta is one for Berkshire Hathaway?

Mechanics

(e) The data for this exercise gives monthly returns on Berkshire Hathaway and the overall stock market
since January 1980 (capm.xlsx). Use these data to fit the CAPM regression and check whether the
SRM is appropriate.

(f) The precise returns used in the CAPM are so-called excess returns, formed by subtracting the return
Rf on a risk free asset (usually Treasury Bills) from the return on a risky asset. Form the excess
returns on Berkshire Hathaway and the stock market and fit the regression

(Rt −Rf ) = α+ β(Mt −Rf ) + εt.

Compare the estimates of the slope and intercept from this equation to those obtained in (e) using
the nominal returns. Why are the differences so small?

Message

(g) Does Berkshire Hathaway produce excess alpha? Explain.

(h) Is Berkshire Hathaway a growth stock? Explain.
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